Creative cognition, as measured through divergent thinking (DT), offers insight into one's ability to 6 generate novel ideas. Relatively little work has been done exploring the relationship between creative 7 idea generation tasks and white matter integrity via fractional anisotropy (FA). Our previous work has 8 shown that higher scores on DT tasks were related to reduced fractional anisotropy (FA) within the left 9 hemisphere anterior thalamic radiation (Jung et al., 2010). However, Takeuchi et al., 2010b, found 10 positive correlations with FA and DT tasks in the prefrontal cortex and genu of the corpus callosum. The 11 present study assessed subjects studying or working in science, technology, engineering and 12 mathematics (STEM; N =178) for correlations in white matter FA, as related to a measure of DT. Healthy 13 normal subjects aged (16-32 years, mean age = 22.0 ± 3.8; F = 89/178). Three idea generation DT 14 measures were scored by three raters (α = .71) using the consensual assessment technique, from which 15 a composite creativity index (CCI) was derived. We found that CCI was inversely related to FA (all p < 16 0.05, controlling for age, sex, and full scale intelligence, and corrected for multiple comparisons using 17 family wise error), within the left hemisphere inferior frontal gyrus, inferior fronto-occipital fasciculus, 18 cingulate gyrus, inferior longitudinal fasciculus, and right hemisphere uncinate fasciculus. These results 19 are consistent with our previous findings, implicating lower FA in white matter regions linking broad 20 cortical networks, now established in a much larger sample of normal healthy subjects.
Introduction 1
Creativity is commonly defined as the ability to produce work that is both novel and useful 2 (Stein 1953) . Divergent thinking (DT) tasks are one aspect of creative cognition, testing one's ability to 3 generate numerous solutions to an open-ended problem (Guilford 1950) . DT tasks have been shown to 4 predict both the quantity of self-reported creative achievements (Jauk, Benedek et al. 2014) and the 5 quality of expert-rated creative performances (Zabelina, Condon et al. 2014 , Jung, Wertz et al. 2015 . DT 6 has also been hypothesized to represent evolutionary aspects of adaptive reasoning, most notably 7 "blind variation" (Campbell 1960 , Jung, Mead et al. 2013 . Numerous neuroimaging studies have 8 investigated DT and structural and functional methods, although the results of these are variable across 9 studies, and one group (i.e., Takeuchi et al.,) is responsible for much of the research with large samples 10 (Takeuchi and Kawashima 2019).
11
Structural and functional studies with DT tasks have heavily implicated the prefrontal cortex, 12 specifically the inferior frontal gyrus (Fink, Grabner et al. 2009 , Jung, Mead et al. 2013 . Many studies 13 have explored functional connectivity and DT, showing areas of the default mode network (DMN) as 14 being associated with higher creativity (Takeuchi, Taki et al. 2012 , Beaty, Benedek et al. 2014 . Diffusion 15 tensor imaging (DTI) analyses allow the study of white matter fiber connectivity by quantifying the 16 density of white matter tracts and more specifically the FA metric provides the directional preference of 17 anisotropic diffusion occurring within white matter regions (Grieve, Williams et al. 2007) . A whole brain 18 voxel wise analysis found that increased FA near the bilateral prefrontal cortices, the body of the corpus 19 callosum, the bilateral basal ganglia, the bilateral temporo-parietal junction and the right inferior 20 parietal lobule were related to higher creative cognition (Takeuchi, Taki et al. 2010 ). However,
21
examining FA values within a skeleton of the major white matter fiber pathways (Jung, Grazioplene et al.
22
2010) found reduced FA to be related to increased scores on measures of divergent thinking within the 23 left anterior thalamic radiation. Using DTI and connectivity matrices (Ryman, van den Heuvel et al. 2014) 24 3 found women to have inverse associations between white matter organization and higher DT scores. In 1 a recent study, (Takeuchi, Taki et al. 2017) were unable to replicate their 2010 findings in a significantly 2 larger sample (1300) citing potential methodological differences with their previous study, as well as 3 other studies, as potentially explaining lack of replication.
4
The existing literature is varied and inconclusive. However the few studies that have explored FA 5 correlations with higher creative task performance have found mostly frontal areas, specifically the PFC, 6 to be related to creative cognition as measured by DT. The direction of diffusion relationships across 7 studies is also inconclusive as to whether higher creativity scores are correlated with increased or 8 decreased FA. Based upon previous findings from our group, see (Jung et al., 2010) , as well as the 9 prevailing inverse relationships between structural brain measures and creative cognition in general 10 (Jung, Mead et al. 2013), we expect subjects who score higher on DT tasks to have reduced FA in white 11 matter pathways in frontal areas of the brain, specifically within the left anterior thalamic radiation. Two hundred and sixty science, technology, engineering and mathematics (STEM) subjects, either 17 working in the field or studying within STEM fields, were recruited for the current study. Five subjects 18 were excluded based on missing behavioral data, leaving a sample of two hundred and fifty five. All 19 images were visually inspected for quality, and only those of highest quality were included for the 20 current study. After visual inspection of all raw images, by two independent raters, seventy-seven 21 subjects were excluded from the analysis due to significant movement artifacts (in any single slice) or 22 other artifacts (e.g., warping), leaving a final sample of one hundred and seventy eight (89 males; 21.9 ± 23 3.8). Subjects ranged from (16-32) years of age (22.05 ± 3.9 years), well matched by sex (130 males, 125 24 females). They were recruited by postings in various departments and classrooms, around the University 1 of New Mexico, local high schools and various professional STEM related businesses. All subjects signed 2 a consent form approved by the institutional review board of the University of New Mexico prior to 3 participation. Prior to entry into the study, subjects were screened, to exclude for neurological and 4 psychological disorders that would impact experimental hypotheses (e.g., learning disorders, traumatic 5 brain injury, major depressive disorder). Subjects were also screened for conditions that would prohibit 6 undergoing an MRI scan (e.g., metal implant, orthodontic braces, claustrophobia). Subjects were 7 compensated $100 for their participation in the study. design and asked to write as many things that the design reminds them of (Jung, Wertz et al. 2015) ; the 13 TCTT Torrance task of Unusual Uses, where the subjects are given ten minutes to think of as many ways 14 a tin can be utilized for various purposes; and the Circles task, where subjects are presented with two 15 pages of forty two circles and asked to draw objects or pictures which have circles as an integral part 16 (Torrance 1968). All of these tests are representative of divergent thinking tasks that are well suited as 17 accurate measures of creativity within a laboratory setting. Three independent judges (two female, one 18 male) rated the DT completed tasks using the consensual assessment technique (Amabile 1982) , 19 creating a "creative composite index" (CCI). The raters were of the same age distribution as the subjects 20 (16-32) mean age (25.67 ± 1.88). Raters were instructed to rate each of subject's DT tasks on a scale of 1 21 being the least creative to 5 being most creative, based upon each of the rater's independent view of 22 what is deemed creative. Scores were averaged across the three tasks to form the CCI. The raters had 23 good inter-rater reliabilities across the three DT measures (i.e., CCI; α = .71).
5
The Wechsler Abbreviated Scale of Intelligence 2 nd edition (WASI-II) was used to assess 1 intellectual functioning. The WASI consists of four subtests: Similarities, Block Design, Vocabulary, and 2 Matrix Reasoning. We derived an FSIQ based on an average of three subtests (Similarities, Block Design, 3 and Matrix Reasoning). In order to determine whether CCI scores was correlated with FA, we used the GLM model, with 4 FSIQ, age, and sex entered as nuisance variables. FSIQ was found to be weakly but significantly, 5 positively correlated with our CCI measure (r = .196, p = 0.009) and was therefore used as covariate in 6 our glm model. All results are corrected p-values at the .05 level, controlling for familywise error (FWE).
7
The correlation inferences were tested using permutation methods with FSL's Randomise. We ran 5000 8 two-tailed FWE permutation tests, (i.e., both positive and negative associations) for each of the 9 correlations between CCI and FA. A mask image for significant FA clusters was created by binarizing the 10 FA image for results that were significant at p < 0.05.
12

Results
13
Subjects scored above average overall on measures of intelligence (Mean = 112.6 ± 12.6) and 14 ranged from 80 to 153. Our sample's CCI was 2.9 ± 0.43 out of our predetermined range of 1-5 (study 15 sample range = 1.5-4.2). Our TBSS analysis showed numerous regions in which CCI was significantly 16 inversely related to FA within the left hemisphere all p's < 0.03 after FWE correction. The most 17 significant finding was a large region within the right uncinate fasciculus where CCI was inversely related 18 to FA ( Our results partially replicate our previous findings (Jung, Grazioplene et al. 2010 ) in a larger 4 independent normal young sample, again finding decreased FA to be correlated with higher scores on 5 DT tasks. We found significantly reduced FA within multiple white matter pathways, primarily located in 6 frontal brain regions, the largest regions being the right uncinate fasciculus and the left cingulum gyrus.
7
No significant regions were found in the anterior thalamic radiation or internal capsule proper, as was 8 the case in our previous publication; however, decreased right uncinate fasciculus FA was again found to 9 be related to increased DT production (Jung, Grazioplene et al. 2010).
11
The uncinate fasciculus connects anterior portions of the temporal lobe with the orbitofrontal lobe 
17
Decreased FA in right uncinate fasciculus could reflect decreased neuronal/axonal packing, more 18 permeable myelin sheaths, and more crossing fibers within voxels of interest (Chepuri, Yen et al. 2002) .
19
It is unknown, at present, how lower FA might facilitate increased performance on measures of DT; 20 however previous research has shown increased reaction times (on an oddball task) to be related to 21 lower FA in both young and older healthy control subjects (Madden, Whiting et al. 2004 
3
As in our previous study, lower FA and higher DT task correlations were predominantly found in the left 4 hemisphere frontal area. Our second and third largest significant clusters, in the cingulate and middle 5 frontal gyrus, are known to be associated with the DMN (Beaty, Benedek et al. 2015) . Numerous studies 6 investigating DT have implicated higher creative cognition to be achieved when the brain is at rest or not 7 heavily involved in higher order cognitive processes. DMN related pathways emanating from the 8 cingulate utilize memory association with sensory information received from the thalamus as well as 9 memory formation, whereby the subject's performance on creative idea generation is amplified by 10 memory retrieval (Greicius, Krasnow et al. 2003, Buckner and Carroll 2007 
